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Description 



nh^r^ T?" °" felateS !° aB<ali " ,ree 9 ' aSSeS are Suitable as substrate 9' ass «* ^ous displays or 

CHKJEr essenba,ly ,ree ,rom aikaB metai oxides ^ ran be f,oat — * £- 

the onpflnll^ ! ollwin 9P^rties have been required for substrate glasses (or various displays, particularly for 
the one intended to form a thin film of a metal or oxide on its surface. 

{ ^l^Mn11 U Z ,m ^ " a " ** me,al 0)dde is contained - *• alkaB metal *» «««• 

to diffuse in the thin Mm, whereby the film properties will deteriorate. 

mirt 9 * nd Shmte9e dUe ,0 Stabatea,i0n « the f' ass s,ructure « jessed to the 

fcL^S^^ fea9entS ,0beused ,0f formi "9 semiconductors. Par- 

aadfBHfOwntaranaamnwnium »° 
(4) They have no internal or surface defects (such as bubbles, striae, inclusions, pits or scratch marks). 

Atpresent Coming code 7059 glass is widely employed as a substrate glass for various displays or photamasfe 
However, this glass has the following deficiencies for displays. pnoiomasKs. 

(1) The strain point is as low as 593'C. and preliminary heat treatment to reduce the shrinkage of glass has to be 
earned out prior to a process for preparing «ie displays. 

(2) The amount of elution into hydrochloric acid used for etching a metal electrode or a transparent conductive film 
whereby it becomes difficult to prepare the displays, • 

fo r £^SS£Z£XSZ? ,he —** *° ^ h " been addi,iona " y required alon9 wi,h ,he frend 
t ^t a a^ 

{ Zm^^ B ]° 59 Sla6S ^ 8 COef ' iCient 0,therma ' eXpansi0n of 46 * 10 " 7/,C - and a "aving a smaller 
coefficient of thermal expansion is required to increase the rate of temperature increase for the preparaL of dis- 
plays and thus to increase the throughput. • preparation or as 

ywth respect to B& 3 , US. Patent 4.824,808 discloses a glass product containing from 20 to 23 cation % of B,0, 

No 

Eo h J 3 P ^ COmainin9 ,r ° m °- 1 10 4 ° f B2 ° 3 " J^ 3 " 656 Unexamined Paten. Publication 

J!f w ^ 0386 3 pr0duCt con,ainin S fr <™ 0.1 to 5 mol% of BaOa, and U.S. Patent 5 244 847 discloses a 

Pat^S!? US ' ^ 5 - 348 ' 916 diSC ' 0SeS 3 g,3SS " roducl ^"'^"g ,ro «> " to 20 wt% of BaO U S 

i J?^u i ^ 3 Pr0dUCt contaln,n 8 from 15 to 40 wt% of BaO. However, in each of them. BaO is so 

large that the coefficient of thermal expansion is large, and the density is high cnortnem, BaO.sso 

Wit* respect to MgO. Japanese Unexamined Patent Publication No. 132S3S/1986 discloses a glass product con- 
taining from 6.5 to 12 wf* of MgO, U.S. Patent 4.501.819 disposes a product containing from 5 to IS wt^MgO 

:Z ^L a ne T ned P ^ PUb,iCati ° n N °- 71540/1965 disd0ses a P roduct cortaini "9 *»" 5 to 17'Sx o MgO 
and Japanese Unexamined Palent Publication No. 42246/1985 discloses a product contaLg from 10 to 25 mo£ of 
MgO However, such glass containing a large amount of MgO lends to undergo phase separation - - - - 
. With res_p^rtjo_Ca.O, .Japanese-Unexamined Patent PDblicaiion'No: 176332/1988 discloses a glass product con- 
laming from 1 , to 25 *% of CaO. U.S. Pafent 3.207.315 discloses a product containing from 7 to 2 mo % a t£o 
tZ~l Pa ^P«°.ication No. 133334/1990 discloses a product containing from 8 to 15 S of Cad 

Japanese Unexamined Patent Publication No. 174336/1991 discloses a product containing from 7 to 12 wt% of CaO 

I^JSZSZ^I 1 "^^ 40739 " 994 disdoses a product «—-*«*«- ™ <° « S 2 C 2 

and US. Patent 5 387.560 discloses a product containing at least 1 8 cation % of CaO. However, if CaO is contained in 
a large amount, the coefficient of thermal expansion tends to be too large. °nH.nea.n 
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Witt, respect to Japanese Uneyamined Patent Publication No 236631/1 qar Hie. 

tairang from 22.5 lo 35 wt% of Aj& 3 but the amount of A/ £ fc , ( discloses a glass product con- 

hydrochloric acid is substantial. ' S S ° 13,36 thal elu,ion to « *emfcal reagent such as 

• and No. U543 /1988 disclose 
thin films. y n<5t des,rab,e - s, nce they tend to deteriorate the semiconductor properties of 

age for large sized paneb. s.multaneously. Accord.ngly. t does hot fully satisfy the demand of the 

strai^^^^ 

and which are exceHen, in, the f^^^^T^^ 'T tam ^ °' ***** * B ^ 
« . can be formed by float process 9 "* 38 h >' drochl °" c aa °. «■ easy to mett and shape and 

of aSSTS tSSS^^.ft^ » - from 5 to , e ^ 

" SpecKc^^ 

0.2wt%. - m6,al ° Md ^ ,s ^^^^^ 

J!^ r6aS0nS d6,inin9 COmP ° Si,i0nal "*» - components as mentioned above, wil, be 

* -^^Sol^ * - P* — , and the 

tbeme^^ 

P^VofoUsstendstobepo^^ 
andt^^^^^ 

tends to deteriorate, and if it exceeds 12 m ol %Tht a ^ Tf "* h ' 6ES ,han 5mo,% - tha BHFproperty 

' 'ow-PreferaUxB^isfZetoS,^ ^ U ^ eaC,dfeSlrtanCe ^ ds » od6teri ^'«. ^ the Pinpoint te^sLe^ 

strain^ al^alT^^ co B f,i. arrt of therma, expansion without lowenng the 

glasstends to occur. Prefembly ^^Ti?JS^ 6 ^'^ Ww ^^^o' 

HandTn -l^^ - Property of glas , On the other 

high. Preferably. CaO is from 1 lo 6 m*? ^ a " d ' he liquidus "Mature tends to be 

comZ^^ 

. increase. Preferably; SrO is Iron, 2 to 8 mcJ% ' C08mc,enl °' »»™>l expansion tends to 

«HUMllnl wna> 1^'. W rJll ,„ ,1 . «»■• "»>""«> » b. high. 
^fnfll«■mm^nnM,.l;.. l^ " ^ ^" W '^*•■^^*^~*■^ ^-^ "H t| .—I 

picture surface. On the other hand, however SLn£^£^ T a '° n9 me P^**** °< *e 

'°^h°urs)isre^redinthep^ 

into T^toir^reaseleak current, deteriorate Tr^^^ 
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50 



In the glassof the present invention, in addition lo the above components ZnO SO, Faretr/ma»d • 
in a total amount of at most 5 mol% in ordpr in «,i 7 components, z.nu. 6U 3 . r and CI may be incorporated 

glass. 10 ' mpr0Ve . lh6 n B property, the clarity and the forming property of the. 

foreSei^ 



•20 EXAMPLES 1 to 32 



Ses J 28 to \l , . I" PfeSent inVemk,n ' ^ 26 " 27 ^ 32 are Comparative 

. mixed r ^ area i Un, ' ,: ^ ^ imm?rSi0n h 3 N ^ 

volumer a tioof9:1)at25^S^^ 

not more than 0.6 mg/cn* ^ BHF r88H!tanCe 18 pre,8rabl >' than ^ mg/cm2,.more preferably 

>10V: The leak current i 8 Z Zf^ZTX ' """" " °' 3 ** V °" a96 °' 

^ a^^ « ^ 30 x 10"> to 40 x 

ature.- Their densities m^^^J^^^^^^^ a9ai " Sl h8al treatmBn, at a MQhtwper- 
.o^e^emiJ^erS^^ 

temperature corresponding to 0* poi 2 J of ™»Tk • 3,50 ,h8 add reSiS,ance ' Th8 

.is easy, and the relation between V^S^^T " ^ ,tlUS indicatins 9,31 ,ha ™ ,tin 9 

index for the forming p op^ £J£ M 2Z n COrfes P ondi -"? to 10< poise which is an . 

forming: : - excellent, thus .ndicatmg -no Poss.bUrty of a troubleTuch as devitrification during the 

me C0 T si,ipns r outside ,he scope * ■»' 

Phosphorus is .arg, ^iS^^Sl StS"*^ " * * ° M * 
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Table 1 ' 



5 


Example No. . 


1 


2 


3 


4 


I 5 


6 


7 


8 


9 


10 
15 


Si0 2 mol% : 

A/2O3 

B20 3 

CaO 
SrO 
BaO 

MgO+CaQ+SrO+BaO 


65.0 

12.0 

8.0 

3.0 

6.0 

6.0 

0.0 

15.0 


68,0 

11.0 

8.0 

2.0 

5.5 

5.5 

0.0 

13.0 


69.0 

11.0 

8.0 

0.0 

4.0 

8.0 

0.0 

12.0 


67.0 

13.0 

8.0 

1.0 

5:5 

5,5 

0.0 

12.0 


66.0 

10.0 

8.0 

5.0 

7.0 

4.0 

0.0 

16.0 


68.0 
11.0 
1 8.0 
0.0 
6.0 
6,2 
0.8 
13.0 


69.0 
11.0 

9;o 

4.0 
3.5 
3.5 
0.0 
11.0 


67.0 

12.0 

9.0 

4.0 ' 

3.5 

3.7 

0.8 


66.0 
14.0 
9.0 
2.0 
5.0 
4.0 
0.0 
1 1.0 


20 


Coefficient of thermal 
expansion (x 10~7/°C) 

High temperature viscosity 


39. 


35 


37 


36 


39 


39 


32 


33 


33 


25 
30 


102 poise CO) [ 

'lO* poise (*C) 

Liquidus temperature (°C) 

Strain point ( # C) 

Density (g/cc) 

Acid resistance (mg/cm 2 ) 

BHF resistance (mg/cm2) 


1630 
1260 
1240 
650 
2.56 
0.18 
0.61 


1730 
1340 
1310 
660 
2.48 
0,10 
0.48 


1750 
1350 
1330 
660 
2.49 
0.07 
0.47 


1730 
1340 
1310 
670. 
2.48 
0.15 
0.47 


1660 

1260 

1260 

640 

2.50 

0.13 

0.50 


1730 

1340 

1340 

655 

2.53 

0.11 

0.50 


1750 
1320 
1300 
670 
2.40 
0,12 
0.48 


1740 

1310 

1280 

670 

2.46 

0.15 

0.51 


1710 
1320 
1320 
680 
2.44 
0.20 
0.53 



35 



40 



45 



_ 50- 
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Table 2. 



Example No. 


10 


11 


12 


13 


14 


15 


16 


17 


18 


Si0 2 mol% 


66.0 


72.0 


68.0 


69.0 


68.0 


68.0 


70.0 


fi^ n 


DO.U 


A/2O3 


11.0 


9.0 


• 12.0 


1 1.0 


19 n 


m n 
I u.u 


a n 

y.u 


in ft 

lo.U 


1 1.0 




9.0 


1 1.0 


10 0 


7 n'" 

f AJ 


f.V 


~t A 

/.u 


T n 
t.U 


7.0 


6.0 


MgO 


1.0 


0 n 
u.u 


n n 
u.u 


A 1 


0 e 


2.5 


2-5 . 


3.0 


3.0 


CaO 


7.0 


4 n 


O.U 


A *3 


o.d 


7.0 


4.5 


5.0 


6.0 


SrO 


6.0 


a. n 


^ n 


<*.»} 


c 0 
o.<£ 


5.5 


7.0 


7.0 


6.0 


BaO 


0.0 


n n 

U.U 


n n 


n n 
u.u 


n n 


0.0 


0.0 


0.0 


0.0 


MgO+CaO+SrO+BaO 


14.0 


8.0 


10.0 


13.0 


13.0 


15.0 . 


T4J0 


15.0 


15.0 


Coefficient of thermal 




















expansion (x lO" 7 /^) 


39 


31 


33 


33 


35 


39 


38 


38 


38 


High temperature viscosity 




















102 poise (°C) 


1700 


1810 


1740 


1730 


1710 


1700 


1730 


1640 


1720 


10* poise (°C) 


1290 


1370 


1340 


1340 


1340 


1320 


1350 


1300 


1310 


Uquidus temperature (°C) 


1250 


1310 


1300 


1340 


1320 


1320 


1350 


1300 


1300 


Strain point (*C) 


640 - 


640 


640 


680 


680 


665 


660 


660 


685 


Density (g/cc) 


2.52 


2.38 


2.44 


2.46 


2.48 


2.52 


2.51 


2.55 


2.53 


Acid resistance (mg/cm 2 ) 


0.13 


, 0*22 


0.28 


0.07 


0.09 


0.06 


0.06 


0.08 


0.06 


BHF resistance (mg/cm*) 


0.50 


0.45 


0.47 


0.52 


0.53 


0.56 


0.53 


0.58 


0.54 
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Table 3 


Example No. 


19 


20 


21 


22 


23 


OA 


25 


26 


27 


Si0 2 mol% 


67.0 


66.0 


69.0 


69.0 


68 0 


/U.U 


68.0 


67.0 


67.0 


A/20 3 


13.0 


14.0 


12.0 


11 n 


13.0 


12.0 


11.0 


11.0 


11.0 


B 2 0 3 


6.0 


6.0 


5.0 


O.U 


7.0 


9.0 


6.0 


8.0 


8.0 


MgO 


2.0 


9 n 




2.0 


4.6 


1.0 


2.0 


2.0 


2.0 


CaO 




O.U 


O.U 


4.6 


4.6 


3.6 


5.6 


5.0 


5.0 


SrO 


c ft • 
O.U 


*.u 


6.0 


5.0 


3.0 


4.0 


7.0 


2.0 


4.0 


BaO 


0.0 


u.u 


0.0 


0.4 


0.4 


0.4 


0.4 


5.0 


3.0 


MaO+CaO+SrOj-Ran 


.1 4.0 


14.0 


14.0 


12.0 


12.0 


9.0 


15.0 


14.0 


14.0 


Coefficient of thermal 


37 


37 


37 


35 


32 


31 


39 


41 


40 


expansion (x 10~7/*C) 


















High temperature viscosity 




















102 poise CC) ~ 


1750 


1750 


1770 


1740 


1720 


1780 


1720 


1690 


1690 


10* poise (°C) 


1320 


1320 


1340 


1330 


1340 


1350 


1310 


1290 


1290 


Uquidus temperature (°C) 


1300 


1300 


1340 


1300 


1280 


1300 


1300 


1250 


1260 


Strain point (*C) 


695 


700 


710 


670 


685 


675 


670 


670 


670 


Density (g/cc) 


2.52 


2.50 


2.52 


2.47 


2.45 


2.41 


2.56 


2.60 


2.57 . 


Acid resistance (mg/cm2) 


0.06 


0,06 


0.05 


0.12 


0.07 


0.14 


0.06 


0.08 


0.08 


BHF resistance (mg/cm2) 


0.56 


0.57 


0.59 


0.44 


0.54 


0.46 


0.55 


0.55 j 


0.53 



35 



40 



45 



50 
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Table 4 


Example No. 


28 


29 


30 


31 


. 32 


Si0 2 mol% 


. 69:o 


66.0 


69.0 


69.0 


69.0 


a/A* 


13.0 


13.0 


13.0 


13.0 


13.0 


B 2 0* 


7.0 


7.0 


7.0 


7.0 


7.0 


MgO 


2.0 


2.0 


2.0 


2.0 


0.0 


CaO 


0.0 


2.0 


4.0 


6.0 


11.0 


SrO 


9.0 


7.0 


5.0 


3.0 


0.0 


BaO 


0.0 


0.0 


0.0 


0.0 


0.0 


MgO+CaO+SrO+BaO 


11.0 


11.0 


11.0. 


11.0 


11.0 


Coefficierrt of thermal 


34 


34 


33 


32 


33 


expansion {x lO^AC) 












High temperature viscosity 












102 poise (»c) 


1740 


1740 


1740 


1750 


1750 


10 4 poise (*C) 


1350 


1350 


1350 


1350 


1350 


Liquidus temperature ( 6 C) 


1300 


1300 


1300 


1300 


1300 


Strain point (°C) 


690 


690 


690, 


690 


690 


Density (g/cc) 


2.49 


2.47 


2.45 


2.42 


2.40 


Acid resistance (mg/cm 2 ) 


0.05 


0.05 


0.05 


0.05 


0.05 


BHF resistance (mg/crrfZ) 


0.55 


0.54 


0.54 


0.53 


0.52 


Content of phosphorus (atomic 


0 


4 


8 


12 


22 


ppm) 












Leak current (pA) 


2 


8 


15 


30 


90 



u D Lc 9 9 !l S prBSent invention can be formed b y «oat process, and it is resistant against formation of turbidity 
by BHF and has excellent acid resistance, high heat resistance and a low coefficient of thermal expansion. Therefore 
<o it , s suitable for display substrates or photomasks substrates. Since the density is very low. it is particularly suitable for 
large size flat panel displays. 



Claims 
1 



An alkaH-free glass comprising of from 60 to 73 mol% of Si0 2 , from 5 to 16 mol% of A*aQs. from 5 to 12 mol% of 
B 2 0 3( from 0 to 6 mol% of MgO, from 0 to 9 mol% of CaO, from 1 to 9 mol% of SrO, from 0 to less than 1 mol% of 
BaO, and from 7 to 18 mol% of MgO+CaO+SrO+BaO and having a strain point of at least 640'G 

2. The ajkali:free glass according-to Clatmly whichcontairis substantially no PbO, As^Oaor Sb 2 0 3 . 

3. The alkali-free glass according to Claim 1 , which has a density of less than 2.60 g/cc. 

The alkali-free glass according to Claim 1, which has a coefficient of thermal expansion of less than 40 x 10~7/ 9 C. 

The alkali-free glass according to Claim 1 . wherein the content of P 2 0 5 is not more than 20 ppm in mol. 

The alkali-free glass according to Claim 1 , which comprises of from 66 to 70 mol% of SiO* from 9 to 1 4 mol% of 
A/jft, from 6 lo 9.5 mol% ol B&* from 1 to 5 mol% of MgO. from 1 to 6 mol% of CaO, from 2 to 8 mol% of SrO 
and from 9 to 16 mo!% of MgO+CaO+SrO and which contains substantially no BaO. 
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7. The alkali-lr.ee glass according lo Claim 6. which has a strain point of at least 650'C. 

8. The alkalMree glass according to Claim 6. which has a density of less than 2.55 g/cc. 



1S 



20 



35 
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